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The quantum Hall effect, observed in a two-
dimensional electron gas subjected to a perpen-
dicular magnetic field, imposes a 1D-like chiral,
downstream, transport of charge carriers along
the sample edges. Although this picture re-
mains valid for electrons and Laughlin’ s frac-
tional quasiparticles, it no longer holds for quasi-
particles in the so-called hole-conjugate states.
These states are expected, when disorder and in-
teractions are weak, to harbor upstream charge
modes. However, so far, charge currents were
observed to flow exclusively downstream in the
quantum Hall regime. Studying the canonical
spin-polarized and spin-unpolarized ν = 2/3 hole-
like states in GaAs-AlGaAs heterostructures, we
observed a significant upstream charge current at
short propagation distances in the spin unpolar-
ized state.
Elementary charge excitations in the quantum Hall ef-
fect (QHE) flow downstream along the edge of a two-
dimensional electron gas (2DEG), with the downstream
chirality imposed by the magnetic field [1]. In the frac-
tional regime [2] this statement remains valid only for
particle-like (Laughlin’s) states [3–5]; in contrast, hole-
like states (filling factors ν such that 1/2+n < ν < 1+n
with n = 0, 1, 2...), are expected to harbor counter-
propagating (downstream and upstream) charge excita-
tions [6]. In a non-interacting and scattering-free model,
a downstream ν = 1 charge mode was predicted to be
accompanied by an upstream ν = 1/3 mode, leading
to a two-terminal conductance of 4e2/3h where e and h
are respectively the electron charge and the Planck con-
stant. However, experimentally, only downstream charge
modes [7, 8] with a two-terminal conductance of 2e2/3h
accompanied by upstream neutral modes[9–15] have been
found. A recent experiment [16] measured conductance
of an unequilibrated downstream channels at narrow re-
gions (4 µm wide) of the polarized ν = 2/3 state; the
results were consistent with the model from [6] but no
direct measurement of the upstream current was made.
Although the majority of the studies were concentrated
on the spin-polarized ν = 2/3 state, there has been recent
interest in its spin-unpolarized counterpart [17–24] - as a
potential host for para-fermions when coupled to super-
conducting contacts [25–27]. In the Composite Fermion
(CF) picture, one can construct two kinds of states in
the ν = 2/3: An unpolarized state, emerging at lower
magnetic fields, with two quantum levels that have the
same orbital quantum number
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Figure 1. Longitudinal and transverse magneto-
resistances measured in a 40 µm wide Hall bar sam-
ple. (A) Longitudinal four-terminal magneto-resistance ver-
sus backgate voltage measured using I =1 nA at T = 40
mK . A clear non-dissipated state, Rxx ≈ 0, is visible for the
ν = 2/3 polarized and unpolarized states. (B) Sketch of the
evolution of the relevant energy scales: At low field a gap ex-
ists between the (0, ↑) and (0, ↓) states corresponding to the
spin unpolarized state), whereas at higher fields, thanks to the
different B dependency of the Coulomb (∝ l−1B ∼
√
B, where
lB is the magnetic length) and Zeeman (∝ B) energies, the
gap exists between the (0, ↑) and the (1, ↑) lambda levels cor-
responding to the polarized state. (C) Four-terminal trans-
verse magneto-resistance as function of the backgate volt-
age. The ν = 2/3 polarized and unpolarized quantum Hall
plateaus exhibit a resistance Rxy ≈ (3e2/2h)−1 ≈ 38.7 kΩ
(dashed line on the color bar).
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2but opposite spin configurations: (0,↑) and (0,↓) (Fig.
1B) [28], and a polarized state, emerging at high mag-
netic fields, with two quantum levels having the same
spin but different orbitals (0,↑) and (1,↑) [29]. The ma-
jority of previous experiments in the unpolarized state
focused on characterizing the spin domains structure in
the bulk [23, 24, 30] or the nuclear spin polarization oc-
curring at high currents [18, 19, 22, 30–36]. Still, the con-
figuration of edge channels for this state remains elusive:
on the one hand, no upstream channel is expected in the
CF picture, on the other, because the effective K-Matrix
in the CF basis is the same for both ν = 2/3 states, an
upstream mode should occur also in the unpolarized case
[37]. Here, we studied the two flavors of the ν = 2/3 state
along short distance (a few µm) and found a substan-
tial upstream charge current only in the spin-unpolarized
state. Consequently, the two-terminal resistance deviates
from the quantized one at ν = 2/3. The GaAs-AlGaAs
heterostructure used to study the two ν = 2/3 states had
to be carefully designed (with the 2DEG confined in a
narrow, 12 nm wide, quantum-well), as we aimed to have
the transition between the two states at a sufficiently
high carrier density (and magnetic field), corresponding
to having high mobility throughout the transition region
in the phase space between the two states. A conduc-
tive n+ GaAs layer was grown ∼1 µm below the 2DEG
and served as a backgate, capable of tuning the density
from 1 to 2.5×1011 cm−2, with a corresponding low tem-
perature dark mobility of 1.5 to 3.5 × 106 cm2V−1s−1.
Lock-in measurements were performed at ∼80 Hz with
an input current I = 1 nA and an electron temperature
of ∼35 mK (see section 1of [38] for additional fabrication
information).
The evolution of the four-terminal longitudinal (Rxx),
and transverse resistance (Rxy), measured in a 40µm
wide Hall-bar geometry, is plotted on Fig. 1A and C.
As reported previously [17, 22, 30–32], a clear transition
between the two-spin varieties of the ν = 2/3 states is
visible in Rxx (around Vbg = −0.5 V and B = 10 T
in Fig. 1A. The finite Rxx region corresponds to the
point where the system undergoes a first order quan-
tum phase transition between the spin unpolarized and
the spin polarized ν = 2/3 state. The transverse re-
sistance Rxy ' (2/3 e2/h)−1 ' 38.7 kΩ, however, re-
mains constant on both side of the transition. As pre-
dicted in [6] the presence of an upstream current leads
to the deviation of the two-terminal resistance from the
canonical value R2t ' 38.7 kΩ. We therefore have con-
ducted two-terminal resistance measurements of several
samples, consisting of two 60 µm-wide ohmic contacts
separated by a distance L ranging from 4 to 15 µm.
The large aspect ratio (of width to length) minimizes
backscattering between the propagating edge modes on
opposite sides of the mesa. As visible on Fig. 2A for
L = 4 µm, in the (B, Vbg) phase space corresponding
to the polarized state, we find a two-terminal resistance
R↑↑2t (L = 4) ' 38.6 ± 0.1 kΩ. However, for the unpolar-
ized state, the resistance plateau is found to deviate from
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Figure 2. Deviation from the quantized Hall resistance
value owing to the upstream current. (A) Two-terminal
magneto-resistance versus backgate voltage for a L = 4µm
long and 60µm wide sample measured at T ∼ 35 mK and
I = 1 nA. A clear difference appears between the spin-
polarized state, which remains quantized, and the spin unpo-
larized state, which deviates substantially from the quantized
value. (B) Evolution of the two-terminal resistance averaged
over an area of (B, Vbg) corresponding to the polarized and
unpolarized ν = 2/3 states, as a function of the length L
(see section 2 of [38]). Dashed black line is the quantized
value
(
2/3 e2/h
)−1 and dashed blue line is an exponential
fit R(x) = (R (0)−R (∞)) e−x/l0 + R (∞), where R (0) =
20± 13 kΩ, R (∞) = 38.2± 0.3 kΩ and l0 = 2.1± 0.8µm
the quantized value showing R↑↓2t (L = 4) ' 35.5 kΩ.
Measuring the evolution of R↑↑2t and R
↑↓
2t with length
we find R↑↑2t independent of contact separation (Fig. 2B,
orange circles) whereas R↑↓2t increases with L, approach-
ing the quantized value for L=15 µm (Fig. 2B, blue
circles). Exponential fit of the two-terminal resistance is
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Figure 3. Different sample geometries validating the presence of a counter propagating charge flow. (A) Sketch
of the 3-terminal measurement. Four contacts are aligned on a single edge of the sample 4 µm apart. Current I = 1 nA was
sourced at contact 1 and voltage was measured between the contact 2 placed upstream and the ground; contact 4 was grounded
and contact 3 was floating. (B) Sketch of the 4-terminal Rxx measurement on a narrow, 3 µm wide and 25 µm long Hall bar.
The red lines represent the biased edge channels whereas the blue ones represent the grounded edge channels. (C) 3-terminal
magnetoresistance versus the backgate voltage for the measurement scheme presented in (A), a clear finite resistance appears
in the unpolarized region. (D) 4-terminal Rxx versus backgate voltage for the measurement scheme presented in (B). The Rxx
values are low in both polarized and unpolarized regions, in contrast to (C). (E) Evolution of the resistance measured in the
unpolarized regime at B = 7T and Vbg = −1.24V as function of temperature. Inset: Resistance in the unpolarized regime as
function of the backgate voltage for different temperatures (36, 56, 86, 122, 160 and 198 mK) . (F) Evolution of the log of the
longitudinal resistance versus the inverse of the temperature in the Hall bar geometry. Inset: Evolution of the resistance versus
the backgate voltage in the unpolarized regime for several temperatures (62, 85, 142 and 196 mK). The extracted activation
gap is Eg = 1.07K
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Figure 4. Generation of upstream charge current by a quantum point contact. Evolution of the current measured in
D3 as function of tl and tr for different points in the (Vbg, B) phase space (points shown in the main panel). A significant current
is measurable in the unpolarized region (red, green, purple, orange and brown points) whereas no signal was measurable in the
polarized region (white, black, blue, yellow and gray points). Inset: Two successive quantum point contacts setup. Current
is sourced at S (red), flowing downstream to the left QPC; there, it is split to downstream (red/blue) and upstream (green)
charge currents. The unequilibrated upstream current reaches the second QPC and turns back to downstream (green/blue),
where we measure its voltage at D3. The sketch is not to scale, the distance between the two QPC is 700 nm and the distance
between the QPC and the nearest ohmic contact is 30 µm.
presented in Fig. 2B (dashed blue line), R(x) = (R(0)−
R(∞) exp(−x/l0) + R(∞), where R (0) = 20 ± 13 kΩ is
the resistance at zero distance, R (∞) = 38.2± 0.3 kΩ is
the resistance at infinite distance, l0 = 2.1±0.8µm is the
characteristic equilibration length (see section 2 of [38] for
additional details on Fig. 2B). Moreover, it is worth not-
ing that the resistance R(0) is in agreement with the two-
terminal resistance predicted for unequilibrated channels
proposed in [6], R2t =
(
4/3 e2/h
)−1 ≈ 19.4 kΩ. These
observation might have been possible at short distance
due to the reduction of scattering events and the screen-
ing of the Coulomb interraction by the back gate placed
1µm away from the 2DEG.
Bearing in mind that a finite Rxx caused by dissipa-
tion processes at short contact separation can lead to
similar observations, a few additional configurations were
tested. One of them was a configuration that employs a
complementary Hall bar structure, with a narrow Hall
channel width of 3µm (Fig. 3B); this was necessary in
order to ensure the lack of backscattering along distances
under consideration. The measured Rxx (Fig. 3D) for
the two ν = 2/3 states using this geometry was negligi-
bly small ensuring that edge states located on opposite
sides of the Hall bar (red and blue lines on Fig. 3B) do
not exchange particles. This observation is in agreement
with the relatively large gap (∼1 K for the unpolarized
state) extracted from the temperature evolution of R4pxx
presented on Fig. 3F, and in agreement with previous
measurements [39, 40]. Furthermore, testing a Corbino
geometry sample ensured a negligible bulk conductance
of both ν = 2/3 states (see section 3 of [38]). Finally,
a three-terminal configuration, with contacts aligned on
a single edge of the mesa (each separated by 4 µm), al-
lowed to separate the upstream current from the down-
stream one (Fig. 3A), providing a direct measurement
for the upstream conductance. Current I was sourced
via contact 1 and drained via contact 4 to the ground.
A finite voltage Vup was measured at contact 2 for the
unpolarized state only as visible on Fig. 3C. The resis-
tance, defined as Rup = Vup/I , continuously dropped
with increasing temperature up to 200 mK (Fig. 3E).
This dependence has an opposite trend to that of usual
dissipative processes such as variable range hopping or
activation mechanisms, ruling them out as alternative ex-
planations. A complementary measurement of the down-
stream resistance, Rd = Vd/I, was done by sourcing cur-
5rent via contact 2 and measuring the voltage at contact
1. The upstream and downstream conductances, calcu-
lated using the Landauer - Buttiker formalism [41, 42]
(see section 4 of [38]), leads to Gd ≈ 0.687 e2/h and
Gup ≈ 0.026 e2/h or equivalent to a two-terminal resis-
tance (Gup +Gd)
−1 ≈ 1.40 h/e2 ≈ 36.2 kΩ, in agree-
ment with the two-terminal configuration at 4 µm pre-
sented above (in Fig. 2). The mobility of the 2DEG in
proximity to an alloyed ohmic contact is degraded and
its density is increased, which limited us on the minimal
distance between ohmic contacts to 4 µm. In order to
probe the edge modes at shorter distances we employed
a configuration consisting of two, gate defined quantum
point contacts (QPCs) separated by 700 nm shown in Fig.
4, inset, with all ohmic contacts placed far away (above
30µm). A current I = 1 nA was sourced via contact S;
currents were monitored at the drains while scanning the
transmissions of the left and right QPCs tl and tr. This
was done at different points in the (Vbg, B) phase space
for both spin polarization of the ν = 2/3 states, indicated
by the colored circles in Fig. 4. In the polarized state, all
of the current flowed to drains D1 and D2 independent
of tr, consistent with downstream channels and zero cur-
rent was measured at D3 (white, black, blue, yellow and
gray points in Fig. 4). However, in the unpolarized state
(red, green, purple, orange and brown points in Fig. 4),
substantial signal was found in D3, simultaneously de-
creasing the current measured in D1 and D2 result in
overall current conservation (see section 5 of [38]). This
‘upstream effect’ can be explained by the appearance of
an upstream current between the two QPCs (green arrow
in Fig. 4 inset), which emerges from the left QPC, flows
a short distance to the right QPC, and scatters back to
the downstream channel, finally arriving at D3. Inter-
estingly, a maximum current at D3 was measured when
tl = tr = 0.5 (a toy model for this effect is presented in
Section 6 of [38]).
The present set of experiments revealed counter-
propagation of charged particles in the fractional quan-
tum Hall effect regime. This present experiment may
induce future theoretical works of the less understood
unpolarized ν = 2/3 state.
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Counter-propagating charge transport in the quantum Hall effect regime
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1. Sample fabrication
A narrow quantum well (12nm) is buried 83 nm bellow the surface of a GaAs-AlGaAs heterostructure. A conductive
n+ layer of GaAs was grown ∼ 1µm below the 2DEG and served as a back-gate. A window etched ∼ 0.9µm deep,
followed by evaporation of 110 nm Au, 55 nm Ge and 40 nm Ni alloyed to the heterostructure, give us a connection to
the back-gate. The same evaporation, on top of the heterostructure, also produce the ohmic contacts. The QPCs were
defined by split metallic gates consisting of 5 nm Ti and 15 nm Au evaporated on the GaAs-AlGaAs heterostructure.
The opening of each QPC is 500 nm wide.
2. Two-terminal measurements
Two-terminal magneto-resistance measurements were made on 60 µm wide mesa contacted by two ohmic contacts
separated by a distance L ranging from 4 to 15 µm. Current I = 1nA was sourced in one contact and drained to
ground from the other contact while their voltage difference was monitored. Quantum Hall edge states are formed
at the edges of the sample as sketched in Fig. S1A: solid arrows illustrate downstream (clockwise) chiral modes and
dashed arrows illustrate the upstream charge transport on the edge. Two-terminal resistance R2t = V/I were measured
as function of magnetic field and backgate voltage on five separate devices as shown in Fig. S1B-F. We extracted a
mean value of R2t from each plot shown in Sup 1F, averaged over the area in the (B, Vbg) phase-space corresponding
to each state. R2t of the unpolarized state approaches the quantized value at long L and goes down as L decrease,
we fitted the data set using an exponential fit: R(x) = (R (0)− R (∞)) e−x/l0 + R (∞), where R (0) = 20 ± 13 kΩ
is the value at zero distance, R (∞) = 38.2 ± 0.3 kΩ is the value at infinite distance and l0 = 2.1 ± 0.8µm is the
typical equilibration length. Note that the zero distance resistance is in agreement with the model presented in [3] for
noninteracting edge channels where R2t =
(
4/3 e2/h
)−1
= 19.4 kΩ
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Figure 1: Two-terminal magneto-resistance versus backgate voltage for 60 µm wide sample and 4 - 15 µm
long at 40mK. (A) Sketch of two-terminal scheme. 1 nA was sourced (red contact) and drained to ground (blue contact).
Downstream chiral edge states illustrated by solid arrows and upstream edge channels illustrated by dashed arrows. (B)
4µm, (C) 5µm, (D) 7µm, (E) 10µm, (F) 15µm. (G) mean resistance of ν = 2/3 unpolarized state (blue circles) and
polarized state (orange circles, error bars are smaller than the circle size for some points), dashed black line represents the
quantized value
(
2/3 e2/h
)−1 and the blue dashed line is an exponential fit R(x) = (R (0)− R (∞)) e−x/l0 + R (∞), where
R (0) = 20± 13 kΩ , R (∞) = 38.2± 0.3 kΩ and l0 = 2.1± 0.8µm
3. Corbino geometry measurement
To probe directly the conductance of the bulk we designed a sample having a Corbino geometry as shown in Fig.
S2A, the outer rout and inner rin radius are respectively 14 and 6 microns. Voltage (20 µV) is sourced in the inner
contact and current is measured at the outer contact. The two terminal conductivity σ = 1/2pi× log(rout/rin)× (I/V )
is plotted in Fig. S2B. We can clearly see that both polarized and unpolarized ν = 2/3 states are in a non-dissipative
state.
3 (µS)
B
(T
)
Vbg(V)
a)
3 2 1 4
I
V
b)
c)
VQPC1(V)
V
Q
P
C
2
(V
)
VQPC1(V)
V
Q
P
C
2
(V
)
D1 +D2
D3
1
0.96
0.98
I (nA)
I (pA)
36
18
0
0.2
0
0.4
0.6
0.8
1
8
10
12
6  1  0.5 0 0.5 1.5
 0.8 1  0.2 0.4 0.6 0 0.2 1
 0.8
 0.4
0
 0.2
0.2
 0.6
 0.8 1  0.2 0.4 0.6 0 0.2 1
 0.8
 0.4
0
 0.2
0.2
 0.6
⌫
=
2/
3
⌫
=
2/
3
⌫
=
3/
5
⌫
=
1
V BA
I
Figure 2: Corbino geometry sample. (A) Fake color SEM image of the corbino sample together with the measurement
scheme, the blue colored ring shape ohmic contact has an inner radius of 14 µm and is connected to cold ground. The
red colored part include a disc shape ohmic contact with radius of 6 µm and is connect to an air bridge. (B) Magneto-
conductance measurement versus the backgate voltage. It is clear that both ν = 2/3 polarized and unpolarized are in a non
dissipative state showing that the bulk is incompressible in both cases.
44. Landauer-Buttiker formalism
Considering the system presented in Fig. S3A and Fig. S3B, one can calculate the upstream and downstream
conductance using Landauer-Buttiker formalism [1, 2]:
 V1V2
V3
 = [R]
 I1I2
I3
 =
 R11 R12 R13R21 R22 R23
R31 R32 R33
 I1I2
I3

where
[R] =
 G12 + G13 + G14 −G12 −G13−G21 G21 + G23 + G24 −G23
−G31 −G32 G31 + G32 + G34
−1
Inversing the matrix and replacing G41 = G12 = G23 = G34 ≡ Gd , G14 = G21 = G32 ≡ Gu and G13 = G31 = G24 = 0
one finds the downstream resistance, which is the voltage measured downstream divided by the current:
R12 =
V1
I2
≡ Rd = Gd
G2u + G
2
d
and the upstream resistance which is the voltage measured upstream divided by the current:
R21 =
V2
I1
≡ Ru = Gu
G2u + G
2
d
one can find the upstream and downstream conductances:
Gd =
Rd
R2d + R
2
u
Gu =
Ru
R2d + R
2
u
In Fig. S3C and D, we plotted Ru and Rd directly from the 3-terminal measurement schemes presented in Fig.
S3A and B respectively. We found Ru = 1.42 kΩ ± 0.07 kΩ and Rd = 37.6 kΩ ± 0.1 kΩ where value and the errors
are the mean and standard deviation of the 2/3 unpolarized region. Next, we plot the upstream and downstream
conductances in Fig. S3E and F, where we get the a mean value for the conductances in the unpolarized region
Gu = 0.026 e
2/h ± 0.001 e2/h and Gd = 0.687 e2/h ± 0.002 e2/h.
Since not all of the contacts have the same distance from one another and since we claim the conductance of the
2/3 unpolarized state depend on the distance, we also made another calculation. Taking into consideration different
conductance between contacts 3 and 4 which has much larger distance ∼ 70µm where the edge modes are fully
equilibrated. Solving similar equations as above, plugging the same values of Ru and Rd and taking the equilibrated
quantized value for G34 = 2/3 e2/h we get the same values for Gu and Gd as the approximated ones up to our
measurement error.
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Figure 3: Landauer-Buttiker analysis. (A) 3-terminal upstream measurement scheme, 1 nA is sourced at contact 1
while voltage was measured at contact 2, upstream. Contact 4 was grounded and contact 3 was floating and wasn’t in use.
(B) 3-terminal downstream measurement scheme, 1 nA is sourced at contact 2 while voltage was measured at contact 1,
downstream. Contact 4 was grounded and contact 3 was floating and wasn’t in use. (C) upstream resistance measurement
for the scheme presented in (A). (D) downstream resistance measurement for the scheme presented in (B). (E) upstream
conductance calculated using L-B formalism Gu = RuR2
d
+R2u
. F downstream conductance calculated using L-B formalism
Gd =
Rd
R2
d
+R2u
.
65. Current conservation
In the two QPCs configuration shown in Fig. S4C, we sourced 1 nA in contact S and measured current in all of the
drains separately. In Fig. S4A, We plot the current measured in the downstream drains D1 + D2 as function of the
two QPCs split gate voltages. In Fig. S4B, we plot the current measured in drain D3. We observe a reduction of the
current in the downstream drains when upstream current is observed in D3. Overall yielding total current conservation
in all drains D1, D2 and D3.
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Figure 4: Current conservation in two-point-contacts configuration. (A) Sum of the current measured in D1 +D2
as function of the split gate voltages. (B) current measured in D3 as function of the split gate voltages. (C) Two successive
quantum point contacts setup. Current is sourced in S (red), flowing downstream to the left QPC, there it is split to
downstream (red/blue) and upstream (green) charge currents. The unequilibrated upstream current reaches the second QPC
and turns back to downstream (green/blue) - measured in D3. Distance between the two QPC is 700nm and the distance
between the QPC and the nearest ohmic contact is 30 µm (sketch not to scale).
6. Toy model for upstream current in two QPCs setup
This toy model predicts the amount of current flowing into D3 in the presence of upstream current. We modeled the
two QPCs at half transmission by two metallic ohmic contact, which have equilibrium voltages Vl and Vr as shown in
Fig. S5. Current I sourced in S (red) reaches the left contact (green). From the left contact we get one equilibrated
downstream mode flowing long distance to D1 with conductance 2/3 e2/h, another equilibrated downstream mode
flowing long distance to D2 with conductance 2/3 e2/h and one unequilibrated upstream mode with conductance Gu
flowing a short distance (700 nm) to the right contact. Current conservation on both contact yields:
I + VrGd =Vl
(
2G2/3 + Gu
)
VlGu =Vr
(
Gd + G2/3
)
7where Gd and Gu are the unequilibrated downstream and upstream conductance and G2/3 = 2/3 e2/h is the equilibrated
conductance. The current measured in D3 is I3 = VrG2/3
I3 =
GuI
2G2/3 + 2Gd + Gu
For example, for Macdonald’s model [3] Gd = e2/h, Gu = 1/3e2/h and G2/3 = 2/3e2/h we get I3/I ≈ 0.09, about
three times higher value than what we measured. We didn’t take into consideration any specific mechanism which
convert dissipation at the QPC to upstream modes, furthermore, one can take into account different transmissions in
the QPCs, where the model presented here takes only half transmission. The highest signal of upstream current we
measured in correspondence with the highest dissipation occurring in a QPCs, where tl = tr = 1/2.
S
D2
D1 D3
Vl Vr
Gd Gu
G2/3
G2/3 G2/3
Figure 5: Toy model sketch. The two QPCs were replaced by ohmic contacts which acquire a voltage Vl and Vr . The
short distance between the two ohmic contacts (700 nm) give rise to equilibrated edge modes propagating upstream and
downstream flowing between the two. Other edge modes are in full equilibration due to long distance, above 30 µm (sketch
not to scale).
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